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Abstract 
This dissertation was written as part of the MSc in Energy Law, Business, Regulation 
and Policy at the International Hellenic University. Objective of this dissertation is to 
stress out important issues regarding climate change and its impacts, especially as they 
affect many developing countries; and in particular, for the scope of this dissertation, 
African ones. In addition, it aims on examining not only the factors contributing to 
these issues in such countries, but also the role of energy policy in these and how it 
can become the means toward enhancing development, expanding energy access and 
protecting the environment in parallel. Under that prism, the role of Renewable Energy 
Sources in the energy mix of these countries is analyzed.  
In order to serve these objectives, the dissertation is divided in three broad parts that 
are in their turn, further divided into smaller and more specifically focused ones. 
Among these, in the first place, the phenomenon of climate change and its impacts on 
the African continent is explained, along with the importance of sustainable 
development for the area. Following, specific African countries are used as examples 
for which significant indicators are exposed and analyzed. These indicators present the 
data regarding the development of these countries, the energy production and 
consumption in these along with their energy mix, as well as their carbon emissions, 
while the issue of limited access to energy gets pointed out. Finally, in the third part, 
the ways in which increased penetration of renewables can contribute in addressing 
these issues is displayed, combined with a short description of proposed RES policies 
and already successful examples of such policies as well. 
At this point, I would like to express my honest gratitude toward my supervisor, 
Professor Vincenzo Di Giulio, for his valuable guidance and advice through consistent 
communication, during the preparation of this dissertation. In addition, I would like to 
thank my family and friends for being so supportive, patient and understanding 
throughout this demanding period. 
Keywords: climate change, energy mix, energy access, renewable energy sources, 
carbon intensity, energy policy. 
Paraskevi Makri 
 February 11th, 2020 
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Preface 
“As a matter of fact, when we discuss global interconnection in relation to energy we 
are at the centre of the two key words that express our global concerns - sustainability 
and inclusivity. We want to make sure that we move into a situation in which energy 
becomes the key factor of sustainability and obviously with a global interconnection 
effectively working we can produce energy where it can be done in a more friendly 
way to the environment and to the risk of climate change. But at the same time it is 
this global interconnectivity that allows for inclusivity for energy to reach everybody in 
need. And so, you are in the centre of the two central concepts of our commitment to 
Agenda 2030 and with our objectives in relation to climate change.  
Energy is the golden thread that connects all the Sustainable Development Goals. 
Modern energy services are integral to poverty reduction, food security, public health 
and quality education for all. They are the key to sustainable industrialization, 
healthier more efficient cities and – of course – successful climate action. Despite this 
understanding, the world is still far from achieving the vision of Sustainable 
Development Goal 7 of affordable and clean energy for all. Some 1 billion people still 
live without any access to any electricity at all -- 500 million in Africa and more than 
400 million in the Asia-Pacific region. 
 *…+ So, the world needs more energy, and – in particular – more clean energy. This 
need for clean energy is only going to grow as the world’s population increases and 
global living standards rise. Because, as well as a rising need for energy, the world is 
experiencing rising temperatures. Atmospheric levels of carbon dioxide are at record 
levels.*…+ The frequency and severity of extreme weather events highlight the changes 
to our climate and the risk to vulnerable communities of a vicious cycle of loss and 
damage and recovery.  These, can be mitigated by urgent climate action. That means 
transforming the world’s energy systems. It means promoting modern technologies 
than can fulfill energy needs without polluting the environment and pumping 
greenhouse gases into the atmosphere. And it means increasing investments in energy 
efficiency, clean energy and renewable energy and global interconnection is at the 
center of these concerns. 
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As we look to the double challenge of energy poverty and climate change, we must 
address two key questions: 
- How can we achieve prosperity for all, leaving no one behind, while protecting 
our fragile ecosystems?  
- And how can we ensure that the benefits, costs and risks of our energy 
transformation are managed through effective international cooperation? 
*…+ Let us make sure that, by 2030, all people -- no matter where they are, no matter 
how far they live from cities – will have access to affordable, reliable and modern 
energy services.” 
 
Antonio Guterres, UN Secretary-General  
In his opening speech at “High-Level Symposium on Global Energy 
Interconnection: Advancing the Sustainable Development Goals”  
November, 20171  
                                                     
1
 Antonio Guterres, UN Secretary-General, in his opening speech at “High-Level Symposium on Global 
Energy Interconnection: Advancing the Sustainable Development Goals”, November 2017, [online] 
Available at: https://www.un.org/sg/en/content/sg/speeches/2017-11-01/sgs-global-energy-
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Introduction 
The scope of this dissertation is to examine the energy policies shaped and 
implemented in developing countries and more particularly in those of Africa. Further, 
it aims to present the potential of investing in Renewable Energy Sources and 
increasing their penetration in the energy sector of African countries. However, 
because of the fact that the African continent is – in a wide degree – characterized by 
poverty and poor living conditions for important parts of the total population, while it 
presents high-paced rate of population growth, as it will be analyzed in the following 
chapters, it is important to examine issues concerning resources distribution and 
access to goods and services vital to preserve decent and healthy living conditions. 
Moreover, even though many African countries are abundant in natural resources, and 
mostly fossil fuels, it turns out that their exploitation is not as profitable as it would be 
expected, for local people. Among the main reasons for this situation, the lack of 
political will or stability, along with high corruption rates dominate. While insufficient 
infrastructure also hold a key role. As an outcome, African countries are broadly 
presented as experiencing phenomena of social and financial inequalities. Among 
these, the limited access to energy for big parts of the population is one that requires 
immediate and effective action. Thus, it can be agreed that there are quite significant 
challenges yet to be faced in order to transform local policies towards the emerging 
potential of renewables in the energy mix.   
Such inequalities, which can importantly affect future policies and measures, are also 
strictly connected to the ways climate change and its impacts affect developing 
countries – and for the scope of the current dissertation - African ones, due to factors 
similar or identical to those mentioned above. This fact provides a double goal for the 
energy policy in these countries, since it is vital – on one hand – that poverty will be 
addressed, development will be promoted and access to energy will be expanded; 
while – on the other hand – that the environmental protection will not be endangered, 
the natural resources will not be compromised and all the action taken will be in 
compliance with the notion of sustainable development and under the prism of both 
regional and international cooperation as well.    
  -2- 
Chapter One: Climate Change and Sustainable Development in Africa 
Before focusing specifically on the energy sector of African countries, by examining the 
data available for some of them, as well as on how increasing the Renewable Energy 
Sources share in the energy mix of these countries can contribute in achieving 
sustainable development and in eliminating the impacts of climate change; it is 
significant to comprehend the connection of climate change itself and the impacts of 
it, with the importance of sustainability policies and the efforts for safeguarding access 
to energy for everyone, which will be developed as follows. 
The impacts of climate change in Africa 
Climate change is, according to the Intergovernmental Panel on Climate Change (IPCC), 
“a change in the state of climate that can be identified (by using, for example, 
statistical tests) by changes in the mean and/or the variability of its properties and that 
persists for an extended period (decades or longer). Climate change may be due to 
natural internal processes or external forcings, or to persistent anthropogenic changes 
in the composition of the atmosphere or in land use”2. Meanwhile, the term is 
presented slightly different by the United Nations Framework Convention on Climate 
Change (UNFCCC), defined as: “a change of climate which is attributed directly or 
indirectly to human activity that alters the composition of global atmosphere and 
which is in addition to natural climate variability observed over comparable time 
periods”3. 
The main difference between the definitions of climate change mentioned above, lies 
on the factor of human activity. Besides, the first one sets as one of the main reasons 
why climate change happens, the “natural internal processes”, while the second one 
connects the phenomenon “directly or indirectly to human activity”. However, as it is 
                                                     
2
 Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. 
Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.), Annex II: Glossary of terms, In: Managing the 
Risks of Extreme Events and Disasters to Advance Climate Change Adaptation: A Special Report of 
Working Groups I and II of the Intergovernmental Panel on Climate Change (IPCC), IPCC, Cambridge 
University Press, Cambridge, UK, and New York, NY, USA, 2012, p. 555-564. 
3
 Article 1 “Definitions”, paragraph 2, In: United Nations Framework Convention on Climate Change, 
United Nations, 1992. 
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explained in a following report from IPCC4 climate is clearly influenced by human 
activity, especially since anthropogenic greenhouse gas emissions (GHGs) which are 
caused significantly due to economic and population growth, are reaching higher and 
higher record levels. In parallel, according to the same report, consequences of such 
human activity are observed and getting more and more severe, not only in the 
atmospheric concentrations of dangerous gases such as carbon dioxide, methane etc, 
but also in the land quality and the broader environment in general, as well.  
As the phenomenon of climate change is causing more and more severe impacts on 
the environment of earth, affecting respectively the people living on it as well, and 
while the international community is struggling to eliminate its severity, a new term is 
presented in order to describe it, that of “climate crisis”5. This wording, even if it is 
relatively new and not commonly accepted as accurate, aims on pointing out the 
extreme intensity of the phenomenon and the rising necessity of addressing it in the 
most effective ways possible. Under this prism, even if the word “crisis” is suitable to 
highlight the peak of the situation as well as its criticality, it fails to focus on the 
ongoing evolution of it - since the term implies a temporary worsening of a situation 
that will eventually finish anyway. Hence, the term mostly used in the literature 
available related to the content of this chapter and the one that will be used thereof, is 
that of climate change.  
The vulnerability of Africa 
Furthermore, while climate change is itself a crucial problem in international level, 
nowadays more than ever, it is necessary to focus on a more dangerous aspect of it. In 
particular it is important to examine the inequalities that characterize not only the 
causes and the expansion of the phenomenon, but also – and most significantly – the 
ones regarding the severity of its impacts. Besides, even though the consequences of 
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 Pachauri R.K. and Meyer L.A. (eds.), Summary for Policymakers In: Climate Change 2014: Synthesis 
Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change IPCC, IPCC, Geneva, Switzerland, 2014, p. 2-7. 
5
 Carrington D. (envi. ed.), ‘Why the Guardian is changing the language it uses about the environment’, 
The Guardian, May 2019 [online], Available at: 
https://www.theguardian.com/environment/2019/may/17/why-the-guardian-is-changing-the-
language-it-uses-about-the-environment (Accessed: 15 October 2019). 
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climate change are visible and felt in every part of the world, in various degrees, the 
facts indicate that regions consisting of developing countries suffer from these 
consequences in ways and frequency much greater than the rest of the world.  
In fact, based on this exact situation a major principle related to the protection of the 
environment, has been developed, the principle of common but differentiated 
responsibilities. This very principle – also known as ‘Principle 7’, presented in the Rio 
Declaration on Environment and Development that resulted from the United Nations 
Conference on Environment and Development in 1992 – enables clearly the 
understanding that even though all states share the common environment and hence 
the common responsibility to protect it, not all of them contribute equally in its 
degradation. In parallel, not all of them have the capacity to contribute equally in the 
policies necessary for its protection as well. More specifically, as it is set by the 
Principle 7 of Rio Declaration, states need to act in the spirit of cooperation and 
partnership on a global level, in order to protect the environment, while at the same 
time, taking into consideration the different level of contribution to the global 
environmental degradation, states have common but differentiated responsibilities. 
Under that prism, the developed countries need to recognize their responsibility to 
pursuit sustainable development in the ways their societies affect the environment 
and due to their higher technological and financial capacity6.  
In addition, according to the 6th Principle of the same declaration, it is vital that special 
priority has to be given to the particular situation and the needs of the developing 
countries and in particular those characterized as most environmentally vulnerable7. 
As a consequence, major concern arises regarding Africa, where most of the 
developing countries in the world are located and has been characterized as the most 
vulnerable continent against the impacts of climate change, globally. Among various 
important reasons for this, it is of major significance the fact that it is highly exposed to 
these impacts while it has poor capacity and mechanisms to adapt to these as well. 
                                                     
6
 Principle 7, in: Rio Declaration on Environment and Development, United Nations Conference on 
Environment and Development, UN, 1992.   
7
 Principle 6, in: Rio Declaration on Environment and Development, United Nations Conference on 
Environment and Development, UN, 1992.   
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What is more, in most of African countries, people have developed their economies 
and societies in ways strictly based on agriculture and land use, which – if combined 
with the lack of the appropriate technology and infrastructure – leads to the 
dependence of these communities on the weather conditions and the broader climate 
quality. At the same time, it justifies the fact that even though Africa is the most 
vulnerable area of the world against climate change, it has also been among the lowest 
sources of greenhouse gas (GHGs) emission, because of the lack of development in the 
industrial sector8.  
Africa is the second largest continent in the world covering approximately a land area 
of 30,365,000 square km9 and inhabited by around 1.3 billion people at the moment10. 
Moreover, according to the United Nations’ “World Population Prospects 2019”, the 
continent is presented to have the highest population growth rate for the period 2020-
202511. Thus, despite the fact that the large land area it covers creates important 
variations regarding the respective data available, long term observation of the climate 
conditions on the continent and the rate of their alteration as well, indicate that the 
temperature on its total surface has been and will keep rising significantly affecting 
factors such as the occurrence of heat waves, extreme droughts and rainfall across its 
extend12.  
In particular, according to the results of the IPCC 2014 report on “Climate Change: 
Impacts, Adoption and Vulnerability”, the near-surface temperature in the broader 
                                                     
8
 Awojobi Ol.N., Tetteh J., ‘The Impacts Of Climate Change In Africa: A Review Of The Scientific 
Literature’, Journal of International Scientific Research for Multidisciplinary, volume 5, issue 11, 
December 2017, p. 39-40.   
9
 Dickson K.B., Middleton J.F.M., Clarke J.I., Gardiner R.K.A., Kröner A., Mabogunje A.L., McMaster D.N., 
Davidson S.H.W. Nicol, Smedley A., Steel R.W., Africa, Encyclopaedia Britannica, November 2019 
[online], Available at: https://www.britannica.com/place/Africa (Accessed: 10 December 2019).  
10 Africa Population. World Population Review, December 2019 [online], Available at: 
http://worldpopulationreview.com/continents/africa/ (Accessed: 10 December 2019).  
11
 World Population Prospects 2019, Department of Economic and Social Affairs - Population Dynamics, 
United Nations, [online], Available at: https://population.un.org/wpp/Maps/ (Accessed: 10 December 
2019). 
12 Niang, I., O.C. Ruppel, M.A. Abdrabo, A. Essel, C. Lennard, J. Padgham, and P. Urquhart, 22.2. 
Observed Climate Trends and Future Projections, In: Africa, In: Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. 
Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. 
Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA, 2014, p. 1206-1210. 
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area of Africa, had increased at least by 0.5oC during these latest years over the 
majority of the African territory. In parallel, what draws more attention is the fact that 
minimum temperatures are heating more rapidly than the highest ones. Under that 
prism, instabilities regarding the temperature of air have been remarkably more 
frequently observed during the period 1995 – 2010 in comparison to the period 1979 – 
1994 right before. The following maps (Picture 1) indicate that the average annual 
temperature in the continent of Africa has increased during the past century. 
However, there are parts of the continent for which there is lack of sufficient data 
available, making the reaching of any concrete conclusions regarding the temperature 
trends quite difficult. In any case, it strongly seems that the anthropogenic factor 
affects the rise of temperature in continent wide level within the examined period, 
while during the last decades both the average annual and the average seasonal 
temperature trends recorded present a general warming that surpasses significantly 
any changes caused by factors of natural variability. For instance, in spring and 
summer months (from March to August) the temperature increase noted over areas 
like Algeria and Morocco, where important rise has also been observed regarding the 
annual maximum and minimum temperature, seems unlikely to be happening only 
because of natural variability and forcings13.  
Moreover, in the areas of West Africa and the Sahel – Sahel, according to Encyclopedia 
Britannica, is the region of north, central and western Africa extending from Senegal to 
Sudan. It creates in practice, a transitional zone between the Sahara desert to its 
northern side and the humid savannas to its southern, since it expands from the 
Atlantic Ocean, passing through parts of Senegal, Mauritania, the Niger River, Mali, 
Burkina Faso, Niger, Nigeria, Chad, and finally reaching Sudan14- temperatures have 
also climbed higher and higher over the last decades. Based on the data provided by 
the Expert Team on Climate Change Detection and Indices, it has been recorded that 
the amount of cold days and nights annually have decreased significantly over the last 
decades as well, leaving space for the warm ones to increase instead. Statistically in 
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 Niang, I., O.C. Ruppel, M.A. and all (IPCC, 2014), p. 1206-1210. 
14
 Encyclopaedia Britannica Editors, Sahel, Encyclopaedia Britannica, October 2018 [online], Available at: 
https://www.britannica.com/place/Sahel (Accessed: 10 December 2019). 
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fact, such trends reach a 90% level, in parallel to the rise of extreme heat incidences, 
while more specifically, an increase of almost 1oC had occurred until 2010 over the 
region15. 
Over the same period of time, similar conditions have been observed in more areas of 
Africa, and in particular in southern and eastern parts of it, where the temperature 
started increasing during the 1980s. Within that period, the average seasonal 
temperature of areas such as Kenya, Uganda, Ethiopia, etc. has been indicated as 
rising, along with the more frequent occurrence of extreme heat waves for these 
countries. In addition, it has been recorded that the majority of the increasing trends 
concerning both the average maximum and the average minimum temperature in this 
region has escalated significantly during the last two decades of the time period 
examined. At the same time, minimum average temperature seems to be the one 
more rapidly rising compared to the maximum average one16.   
Consequently, based on past documentation and current scientific research, the future 
projections regarding the temperature increase in Africa are mostly disappointing, as it 
is estimated that this kind of increase will keep evolving in Africa during the 21st 
century, quite faster than it will on average globally. Particularly as far as the near 
surface temperature is concerned, it is estimated that in the tropical areas of the 
continent unprecedented climate conditions will occur ten to twenty years sooner 
than they will on the global average level due to the lower degree of climate variability 
in the area, which creates more limited climate bounds that can be more intensively 
affected even by changes of smaller scale. Hence, average temperature upward trend 
on an annual base, shows that until mid and late 21st century (under slightly different 
models – as presented in the maps- Picture 1) annual temperature will probably 
exceed 4oC over the majority of African land area, while the most significant changes 
are expected to take place over southern and northern parts of the continent, as its 
central areas follow with slight differences17.  
                                                     
15
 Niang, I., O.C. Ruppel, M.A. and all (IPCC, 2014), p. 1206-1210. 
16
 Niang, I., O.C. Ruppel, M.A. and all (IPCC, 2014), p. 1206-1210. 
17
 Niang, I., O.C. Ruppel, M.A. and all (IPCC, 2014), p. 1206-1210. 
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Picture 1: Map of annual projections for Africa [source: Niang, I., O.C. Ruppel, M.A. and all 
(IPCC, 2014, pp. 1207).]  
The sectors mostly affected  
As it is expected, such major changes regarding climate conditions over the total area 
of Africa, affect many crucial aspects of the local population societies and life, 
especially since the area is anyway more vulnerable than other parts of the world, 
against these changes. Important factors enhancing this situation - apart from the fact 
that Africa is climatically and geographically exposed because of the generally hot 
climate existing in many African regions - are the big population of people living there, 
the high poverty rates among them, the rain-dependent agricultural economy and the 
water scarcity that is getting worse due to severe drought occurrences18. In fact, data 
presented by the Carbon Brief show that a potential global average temperature 
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 Awojobi Ol.N., Tetteh J., (2017), p.42.  
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increase of 2oC or more would expose almost 30 million people living in Africa to water 
scarcity and elongate drought periods from 20 to 60 months, depending on the special 
factors of each area, while it would at the same time, shorten the rainfall period from 
three to more than six days per rain season, also respectively to specific local 
conditions19.  
The fields more importantly affected by the impacts of climate change, always on 
various degrees according to the special characteristics and the capacity to adapt of 
each area, are those mostly related to the daily life and safety of local population, 
adding this way further significance on the prevention against climate change. To begin 
with, the impacts on the sector of infrastructure such as road network or power 
generation and distribution facilities can create serious problems in urban cities, in 
case incidences of flood or drought occur. For instance, a severe drought period could 
affect the hydropower generation, which plays a key role in the energy sector of many 
African countries. In addition, climate change can have severe impacts on human 
heath, especially when the level of infrastructure in an area is relatively poor. The 
phenomenon of climate change can be held responsible for facilitating the 
transmission of diseases like cholera or malaria, while it can also lead to contamination 
of water resources increasing the potential of the initial occurrence for such diseases20. 
Moreover, the impacts of climate change can alter the ecosystem of the areas affected 
and as a result quality of air or the protection from extreme weather conditions for 
these places. Besides, such alterations can harm both biodiversity and the quality of 
soil and forests locally. Thus, in case local communities are mostly dependent on such 
goods provided by a healthy ecosystem, this kind of impacts could harm not only their 
economic activity but their lives as well. As en extent of that, reduction on food 
production may follow whether it has to do with agricultural products or with livestock 
ones. Then, when people have been exposed to climate change on so many levels, it is 
possible that their displacement will be the next step. Besides, mostly domestic but 
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 Carbon Brief, The impacts of climate change at 1.5C, 2C and beyond, Africa, In: Carbon Brief [online].  
Available at: https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-
degrees/?utm_source=web&utm_campaign=Redirect  (Accessed: 10 December 2019). 
20
 Awojobi Ol.N., Tetteh J., (2017), p.40-46. 
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also international migration has been recorded the last years as one among the severe 
consequences of climate change especially across the African continent, so that people 
can avoid extreme weather conditions and their outcomes21. 
Under these circumstances, it is important to note that long lasting climate change 
impacts are estimated to be the reason for a 54% increase in conflicts in the area of 
sub-Saharan Africa before 2030. In fact, certain incidents have already been 
characterized as “climate-driven conflicts” by United Nations’ officials, when describing 
for example the war in Darfuf as a climate war. Additionally, more terms have been 
established to express this new kind of emergency, such as “climate refugees” or 
“environmental migrants” used for people abandoning their homes due to climate 
related factors. Furthermore, among the most common climate change related factors 
contributing to such conflicts are issues of resources (food or water) scarcity, soil 
degradation, loss of land areas due to extreme flooding, severe fires destroying wide 
areas, as well as the social and economic impacts of big and non-manageable 
population size or its growth rate22.  
 The importance of sustainable development for Africa 
The notion of sustainable development 
Sustainable development holds a key role for the future of humanity and it is of even 
greater importance for those parts of the world most vulnerable. This is something 
clearly presented through the definition of the term which has met plenty of 
modification over time. However, even if scientists have given multiple definitions to 
it, using the notion’s characteristics to fully explain it, the most accurate and 
commonly accepted one is known as the Burndtland Report, was established in 1987 
and defines sustainable development as: “the development that meets the needs of 
the present without compromising the ability of future generations to meet their own 
needs. It includes two key concepts: I) the concept of “needs”, especially the essential 
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 Awojobi Ol.N., Tetteh J., (2017), p.40-46. 
22
Owain E.L., Maslin M.A., “Assessing the relative contribution of economic, political and environmental 
factors on past conflict and the displacement of people in East Africa”, Palgrave Communications, 4:47,  
2018. 
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ones of the world’s poor, to which higher priority has to be given, and II) the concept 
of limitations set by the state of technology and social organization on the ability of 
the environment to meet both present and future needs”23.  The term got quite soon 
institutionally adopted as one of the Principles of the Rio Declaration in 1992, 
indicating its universal significance and its multi-dimensional character which aim to 
safeguard both intra-generational and inter-generational equity24.  
Sustainable development goals 
Under the prism of promoting development while in parallel protecting the 
environment, which is the only way development can be considered sustainable - 
otherwise it is simply put, sole economic growth - the United Nations have set 
seventeen goals that need to be reached towards this objective (Picture 2). The 
Sustainable Development Goals (SDGs) as they are commonly known, were established 
as part of the Agenda 2030 for Sustainable Development, in 2015, along with the 
adoption of the Paris Agreement which aims on strengthening the international action 
against climate change by keeping, at first, the increase in average global temperature 
as closer as possible to the limit of 1.5oC compared to the pre-industrial levels, while 
increasing, in the process, the ability to adapt to the outcomes of the phenomenon25. 
These goals, as presented below, create a plan for common effort that should be 
forwarded by all countries on a global level of cooperation in order to end poverty and 
all kinds of deprivation, improve health and education services for all, eliminate 
inequalities and take action for the protection of the environment26.  
As far as Africa in particular is concerned, due to the fact that the definition of 
sustainable development sets in the front line of interest the special needs of the poor 
of the world, combined with the fact that the achievement of plenty of the sustainable 
                                                     
23
 I. The Concept of Sustainable Development, Chapter 2: Towards Sustainable Development, In: Report 
of the World Commission on Environment and Development: Our Common Future, The World 
Commission on Environment and Development, 1987. 
24
Principles 3 and 4, In: Rio Declaration on Environment and Development, United Nations Conference 
on Environment and Development, UN, 1992.    
25
 Article 2, Paragraph 1, The Paris Agreement of the United Nations, Paris, 2015. 
26
 United Nations Sustainable Development Goals website (online), Available at: 
https://sustainabledevelopment.un.org/?menu=1300 (Accessed: 15 December 2019). 
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development goals – such as the end of poverty and hunger, or the access to clean 
water and energy - would put the developing countries of the continent in much more 
advantageous position, it can be argued that sustainability policies - and in their 
framework, enhancing and support of sustainable investments – can guide Africa to 
succeed in growth while addressing important challenges. In that spirit, it is crucial to 
include in these policies and investments the energy sector of Africa, since the lack of 
Renewable Energy Sources in the energy mix of a country significantly contributes to 
the increase of CO2 and greenhouse gas (GHGs) emissions, which lead in their turn, to 
increased environmental degradation, as it will be developed in the next chapter.   
 
 
Picture 2: UN SDGs (source: UNRIC website, Available at: https://unric.org/en/sdgs-in-your-
language/) 
 
Chapter Two: Access to Energy and Energy Mix in African Countries 
Objective of this chapter is to examine certain aspects of the energy sector in Africa. 
Initially, important indicators regarding the development status, population and 
economic situation in specific countries, located in various and representative parts of 
the African continent, will be examined, along with the energy mix of each of these 
countries. Moreover, the data exposed will be used to present the level at which 
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environmental degradation is fed by the CO2 intensity of the energy sector, by the 
current policies, as well as by the share of fossil fuels in the energy mix of the countries 
under consideration. Meanwhile, as it is one of the issues demanding direct tackling, 
the part of African countries’ population without access to energy will also be 
discussed.  
The main indicators for African countries 
To begin with, the following tables (1.A, 1.B, 2.A, 2.B) present collectively some of the 
major indicators regarding the financial situation, the rate of development, as well as 
the level of CO2 emissions for several countries located on the African continent, which 
have been chosen to be included in this chapter due to the various differences among 
them. Such countries are Morocco, Senegal, Niger, Nigeria, Egypt, Democratic Republic 
of the Congo, Kenya and South Africa, while the differences are mostly related to the 
location of these countries in various parts of the continent, the various policies 
established, as well as the different level of development recorded for each one 
among them. Moreover, the same indicators are presented twice in order to facilitate 
a broader examination concerning the recent developments, by tracking the changes 
on these factors and comparing the situation of these countries, between the year 
2010 and the year 2017 – the latest year for which all of the following indicators could 
be found available online. 
Presenting the main indicators  
What firstly becomes obvious as examining the data provided in the tables given is the 
constant and significant rise of the population in all the countries under consideration, 
which is explained by the fact that African countries present the highest rate regarding 
population growth, as it has already been mentioned in earlier part of this paper, with 
almost half or the people living on the continent be of age under 15 years old27. In 
parallel to that, a rise regarding GDP is also observed, which seems to be happening 
though, not respectively to the rise of population, leading in some cases, such as the 
case of Niger and Democratic Republic of the Congo, to the really slight increase or in 
                                                     
27
 Chapter 1: Africa today, In: Africa Energy Outlook 2019, World Energy Outlook Special Report, 
International Energy Agency, 2019, p. 31-32. 
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others, such as that of Nigeria and Egypt, even to the clear decrease of a very crucial 
and representative factor, that of per capita GDP. At the same time, different results 
are shown for South Africa where apart from the rise of population, the seemingly 
lower GDP recorded in 2017 compared to that in 2010, affects the indicator of per 
capita GDP by decreasing it after all. 
In addition, as far as the energy related indicators are concerned, the results are more 
or less expected for the countries under consideration. To begin with, countries with 
higher GDP values, such as Morocco, Nigeria, Egypt and South Africa present also high 
values on both factors of TFC and TPES that reflect the amount of energy consumed 
and provided as supply within a state, respectively. Then, countries with lower GDP 
values, like Kenya and Democratic Republic of the Congo follow along with similarly 
lower TFC and TPES values as well, while the list gets completed with these countries 
presenting the lowest – among the countries examined  - GDP values, such as Senegal 
and Niger, that also present the lowest values on TFC and TPES too. 
Furthermore, while examining the values of TPES per population in each country, it can 
be observed that in the majority of the countries taken into consideration, they either 
increase – even if it happens while presenting slight differences – or they stay stable. 
This fact comes as a result of the recorded increase of the TPES indicator for each of 
the countries examined, combined with the parallel but not respective increase of the 
population indicator. Interesting case here is that of South Africa, in which TPES was so 
slightly increased between 2010 and 2017 - by 0,40 Mtoe – that it led to the final 
reduction of the TPES per capita indicator - by 0,30 toe/capita – within the same 
period.  
In parallel, as taking note of the TPES per GDP indicator, it is worth-mentioning that in 
the majority of the states compared the values remain stable based majorly on the 
similar rate of growth presented in both of the factors shaping this indicator, GDP and 
TPES. However, exceptions are Nigeria and South Africa where a decrease in the values 
of TPES/GDP is recorded. For the first of these countries, this can be justified by the 
fact that even though both indicators have separately increased between 2010 and 
2017, GDP did not increase as significantly as TPES did, while for the latter, the same 
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happens due to the fact that even if TPES has barely increased in this period, GDP is 
clearly lower in 2017 compared to 2010.   
At the same time, moving further than examining those indicators exclusively related 
to the energy consumption and supply, it is important to take into consideration the 
factor of CO2 emissions and its fluctuations over the latest years, for each of the 
countries examined. Besides, CO2 is on top of the major greenhouse gases (GHGs), 
while it is independently, one of the most common and dangerous pollutants 
contributing to climate change. Under that prism, it is important to point out that CO2 
values have significantly been raised in all of the countries listed here, during the 
examined period, while the values of CO2 per capita indicator present variations from 
country to country, depending on the different rates of population growth recorded in 
each one among them, with countries such as Morocco, Senegal, Nigeria and Egypt 
having higher results in 2017, when Niger, Democratic Republic of the Congo and 
Kenya present stable results on the factor as South Africa presents slight decrease on 
it.     
Additionally, what is also notable is the fact that CO2 emissions in respect with GDP 
rate seem to remain stable in the vast majority of the cases examined. Sole exceptions 
to this fact consist Senegal, in which the indicator increased due to the significant 
higher rate of rise on CO2 emissions recorded compared to the respective rate of rise 
on GDP, as well as South Africa where despite the decrease recorded on GDP and the 
parallel rise on CO2 emissions, the latter was so slight that the indicator of CO2/GDP 
ended up decreasing too. Moreover, as far as the indicator of CO2 emissions per TPES 
is concerned, it is crucial to mention that it generally presents an increasing tendency 
in countries such as Morocco, Senegal, Niger and Nigeria; while on the contrary, it 
decreased in Egypt where the rise in emissions has been quite more important than 
the respective rise in the TPES value. In parallel, for the rest of the countries shown in 
the tables, the same indicator is shaped by stable values for the specific period.  
Further following the variations of the indicators examined for these specific countries, 
it is useful to take note of that one, presenting the share of Renewable Energy Sources 
as a percentage of Total Final Consumption of energy. What is worth-mentioning here 
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is the general tendency of increase for the share of renewable energy sources within 
the framework of this indicator. However, it is equally important to point out that this 
share has decreased during the period examined for two of the countries under 
consideration, Nigeria and Democratic Republic of the Congo, while it has remained 
stable for Egypt.  
In addition, as moving forward to the final part of the data provided in the tables 
below, the percentage of the people living in the countries included, that has access to 
electricity is presented. Firstly, it is clear that this indicator has increasing tendency in 
each of the countries listed. In fact, among them, it becomes obvious that in the 
countries where GDP values are higher, broader part of the population has access to 
electricity, like the case seems to be for Morocco and Egypt, where all of the people 
enjoy such access, as well as for South Africa where the vast majority of the people 
also has access to electricity. Then, the rest of the countries follow presenting an 
increase regarding the percentage of people with access to electricity, also respective 
to the increase of their GDP during the time period set. Of course, because of the fact 
that this indicator is strictly connected to the phenomenon of energy poverty, which is 
one of the most common and significant problems in many African countries, the issue 
will be further discussed as follows. 
The data provided in the tables28: 
 
                                                     
28
 Data for each of the examined indicators were found at: 
- Population: Population Pyramid website (online), Available at: 
https://www.populationpyramid.net/ (Accessed: 5 January 2020) and World Population 
Review website (online), Available at: http://worldpopulationreview.com/continents/africa-
population/ (Accessed: 5 January 2020). 
- Area, GDP (current US $) and per capita GDP (current US $): World Bank website (online), using 
each country’s profile for every indicator, Available at: https://data.worldbank.org/country/ 
(Accessed: 5 January 2020). 
- TFC, TPES, per capita TPES, TPES per GDP, CO2 emissions, per capita CO2, CO2 per GDP, CO2 per 
TPES: IEA Atlas of Energy (online), using each country’s profile for every indicator, Available at: 
http://energyatlas.iea.org/ (Accessed: 5 January 2020).  
- Modern RES in TFC: IEA data and statistics (online), using each country’s profile for every 
indicator, Available at: www.iea.org/data-and-statistics?country (Accessed: 5 January 2020). 
- Access of population to electricity: African Energy Portal database (online), Available at: 
https://africa-energy-portal.org/database (Accessed: 5 January 2020). 
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Table 1.A: Main indicators for the year 2010 
 
Indicators Morocco Senegal Niger Nigeria 
      
1 
Area (sq km) 
(thousands) 446,60 196,70 1.267,00 923,80 
2 Population 35.581.257 15.419.353 21.602.388 190.873.246 
3 GDP (current US$) 109.714.300,45 21.081.669,87 8.119.710,13 375.745.486,52 
4 
GDP per capita 
(current US$) 3.036,20 1.367,20 375,90 1.968,60 
5 TFC (Mtoe) 16,10 3,10 2,90 132,40 
6 TPES (Mtoe) 20,50 4,30 3,20 157,10 
7 
TPES/population 
(toe/capita)  0,60 0,30 0,20 0,80 
8 
TPES/GDP 
(toe/thousand $) 0,20 0,20 0,40 0,30 
9 CO2 (MtCO2) 58,20 8,30 2,10 86,00 
10 
CO2/population 
(tCO2/capita) 1,60 0,50 0,10 0,50 
11 
CO2/GDP (kg 
CO2/US$) 0,50 0,40 0,20 0,20 
12 
CO2/TPES 
(tCO2/toe) 2,80 1,90 0,70 0,60 
13 
Modern RES in TFC 
(%) 7,3 2,1 0,8 5,6 
14 
Access to electricity 
(%) 100,0 61,7 20,0 54,4 
      
 
Table 1.B: Main indicators for the year 2010 
 
Indicators Egypt 
Congo, Dem. 
Rep. Kenya South Africa 
      
1 
Area (sq km) 
(thousands) 1.001,50 2.344,90 580,40 1.219,10 
2 Population 96.442.590 81.398.765 50.221.145 57.009.751 
3 GDP (current US$) 235.369.129,34 38.019.265,63 78.757.391,33 349.554.116,68 
4 
GDP per capita 
(current US$) 2.440,50 467,10 1.568,20 6.132,50 
5 TFC (Mtoe) 60,90 25,20 16,90 67,80 
6 TPES (Mtoe) 92,80 29,80 27,00 132,20 
7 
TPES/population 
(toe/capita)  1,00 0,40 0,50 2,30 
8 
TPES/GDP 
(toe/thousand $) 0,30 0,90 0,50 0,30 
9 CO2 (MtCO2) 209,20 2,20 16,30 421,70 
10 CO2/population 2,20 0,03 0,30 7,40 
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(tCO2/capita) 
11 
CO2/GDP (kg 
CO2/US$) 0,80 0,10 0,30 1,00 
12 
CO2/TPES 
(tCO2/toe) 2,30 0,10 0,60 3,20 
13 
Modern RES in TFC 
(%) 4,1 17,3 3,5 3,5 
14 
Access to electricity 
(%) 100,0 19,1 63,8 84,4 
      
 
Table 2.A: Main indicators for the year 2017 
 
Indicators Morocco Senegal Niger Nigeria 
      
1 
Area (sq km) 
(thousands) 446,60 196,70 1.267,00 923,80 
2 Population 35.581.257 15.419.353 21.602.388 190.873.246 
3 GDP (current US$) 109.714.300,45 21.081.669,87 8.119.710,13 375.745.486,52 
4 
GDP per capita 
(current US$) 3.036,20 1.367,20 375,90 1.968,60 
5 TFC (Mtoe) 16,10 3,10 2,90 132,40 
6 TPES (Mtoe) 20,50 4,30 3,20 157,10 
7 
TPES/population 
(toe/capita)  0,60 0,30 0,20 0,80 
8 
TPES/GDP 
(toe/thousand $) 0,20 0,20 0,40 0,30 
9 CO2 (MtCO2) 58,20 8,30 2,10 86,00 
10 
CO2/population 
(tCO2/capita) 1,60 0,50 0,10 0,50 
11 
CO2/GDP (kg 
CO2/US$) 0,50 0,40 0,20 0,20 
12 CO2/TPES (tCO2/toe) 2,80 1,90 0,70 0,60 
13 
Modern RES in TFC 
(%) 7,3 2,1 0,8 5,6 
14 
Access to electricity 
(%) 100,0 61,7 20,0 54,4 
      
 
Table 2.B: Main indicators for the year 2017 
 
Indicators Egypt 
Congo, Dem. 
Rep. Kenya South Africa 
      
1 
Area (sq km) 
(thousands) 1.001,50 2.344,90 580,40 1.219,10 
2 Population 96.442.590 81.398.765 50.221.145 57.009.751 
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3 GDP (current US$) 235.369.129,34 38.019.265,63 78.757.391,33 349.554.116,68 
4 
GDP per capita 
(current US$) 2.440,50 467,10 1.568,20 6.132,50 
5 TFC (Mtoe) 60,90 25,20 16,90 67,80 
6 TPES (Mtoe) 92,80 29,80 27,00 132,20 
7 
TPES/population 
(toe/capita)  1,00 0,40 0,50 2,30 
8 
TPES/GDP 
(toe/thousand $) 0,30 0,90 0,50 0,30 
9 CO2 (MtCO2) 209,20 2,20 16,30 421,70 
10 
CO2/population 
(tCO2/capita) 2,20 0,03 0,30 7,40 
11 
CO2/GDP (kg 
CO2/US$) 0,80 0,10 0,30 1,00 
12 
CO2/TPES 
(tCO2/toe) 2,30 0,10 0,60 3,20 
13 
Modern RES in TFC 
(%) 4,1 17,3 3,5 3,5 
14 
Access to electricity 
(%) 100,0 19,1 63,8 84,4 
      
 
Energy poverty 
Lack of access to electricity, which seems to be a problem commonly spotted in many 
developing countries around the world and among them, especially in African ones, is 
in fact, part of a quite broader phenomenon, called energy poverty. Even though the 
term of energy poverty has not been officially defined, it can be explained by the 
aspects it includes. In most of the cases used, the term is connected to the energy that 
gets consumed by households for activities such as cooking, heating or lighting, while 
in other cases it can be considered to concern the energy necessary to be consumed 
by business activity, whether it is related to the commerce sector or the rendering of 
services one. At the same time, data provided on the energy poverty issue do not 
include the share of energy used in the transportation sector29.  
                                                     
29
 Morrissey J., Energy poverty and energy access, In: The energy challenge in sub-Saharan Africa: A 
guide for advocates and policy makers: Part 2: Addressing energy poverty, Oxfam Research 
Backgrounder series, 2017, p. 15-20.  
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Consequently, the notion of this term consists of two major sides. To begin with, 
energy poverty can be used to express the levels of energy consumed by part of the 
population that are characterized as poor due to additional factors like their income. 
On the other hand, the term can be used to express the sense of deprivation, since in 
this case it refers to the part of population that is deprived access to the energy 
necessary for fulfilling their basic needs. Hence, this part of the population is usually 
characterized as energy-poor, not only because of the very deprivation itself, but also 
because of the fact that in order to overcome it and cover their needs, they have to – 
in several occasions – get exposed to severely risky conditions. Such conditions can be 
related to the pollution connected to the means of producing the energy that needs to 
be consumed to that cause, or even to the procedures these people need to endure in 
order to provide themselves with the materials necessary for such production30.   
As far as the second aspect of the term “energy poverty” is concerned, which is the 
aspect most suited in the energy-poor population in many African countries, it is 
important to examine the kinds of energy services that are deprived from the poorest 
parts of population. As a result, since the people facing lack of access to energy are 
excluded from important for their wellbeing services, it can be supported that energy 
poverty includes the deprivation of a wide range of such services necessary to 
contribute in human and economic development of both households and 
communities. Apart from it, in the smaller-scale of households only, the main pillars of 
such services can be argued to concern lighting, heating and cooling, as well as access 
to technology facilitating communication and spread of information31.  
What is more, having a big part of the population of a country unable to meet their 
basic energy needs, often leads to severe impacts for the whole community. Particular 
examples consist the following, since not being able to have proper lighting in an 
amount of households normally prevents the people living under these conditions 
from activities like studying, while it makes any kind of daily activities too difficult to be 
completed after sunset time. In addition, lack of heating or cooling ability for 
                                                     
30
 Morrissey J., (2017), p. 15-20. 
31
 Morrissey J., (2017), p. 15-20. 
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households, often puts in danger – during specific periods of time – sensitive groups of 
people like the elderly or the very young ones.  
On the contrary, the first idea regarding energy poverty, the one that shows the 
different amount of energy consumed depending on the income of the people 
consuming it, points out the fact that poor parts of the population may end up 
spending massive portions of their income in order to meet some basic energy needs 
for their survival. At the same time, richer parts of the population usually spend 
smaller portions of their high income in order to meet these energy needs facilitating 
not just their survival, but their high quality wellbeing. Under that prism, the 
significance of affordability of energy services is also enlightened in order for the 
broadening of energy access to be effectively achieved. This perspective will be further 
examined in the next chapter. 
In this framework, it is really interesting to take a look at the image of the world at 
night. It is about the compilation of more than 400 images of the earth, taken with 
satellite at nighttime and done by NASA, presenting these parts of the world that face 
energy poverty. Once again, as looking at this picture, the connection between income 
and energy access becomes obvious.  
 
Picture 3: Earth at night (source: NASA website, Available at: 
https://www.nasa.gov/topics/earth/earthday/gall_earth_night.html) 
 
However, as far as access to energy is concerned, it is a fact that more factors apart 
from the income rate - and mostly connected to policy - also contribute in the results 
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presented, even if it happens exceptional or in lower levels. An interesting example of 
such a case is Nigeria in which, according to the aforementioned data, almost half of 
the population does not have access to energy services while the GDP value of the 
country is the highest among the countries examined. Taking into consideration that 
Nigeria is one of the African countries where abundance of natural resources has been 
found and expropriated by large companies such as Shell, this situation can be justified 
by a phenomenon known as the resource curse, or otherwise the paradox of plenty.  
The rescue curse concerns cases in which countries with plenty of natural resources 
fail to be benefited by this kind of wealth due to the inefficient governmental policies 
followed. In that sense, countries that should be normally presenting high 
development rate often end up devastated by conflicts, authoritarianism and long 
term political and economic instability. The reasons behind this reality vary among 
corruption in the governments of these states, long production periods, volatility of 
prices and amounts produced, as well as the secrecy dominating in the industry32. Due 
to this fact, it is common in countries like Angola, Sudan, Nigeria and more to present 
poor level of national prosperity along with law values on health indicators, despite the 
natural resources wealth33.  
The energy mix of African countries 
Presenting the energy mix 
The objective of the graphs following is to give a broad image of the sources used to 
produce energy in the African countries already discussed34. This illustration will 
present the level at which, each energy source – whether fossil fuels or renewable – 
contribute on the long run, in the energy mix of the countries under consideration. In 
addition, even though the percentage of modern renewable energy sources in the 
total final consumption has been commented above, here the total primary energy 
                                                     
32
The Resource Curse: The Political and Economic Challenges of Natural Resource Wealth, Natural 
Resource Governance Institute, March 2015. 
33
Mittelman M., “The resource curse”, Bloomberg, May 2017 [online], Available at:  
https://www.bloomberg.com/quicktake/resource-curse (Accessed: 8 January 2020).    
34
 The charts on TPES by source were found at: IEA data and statistics (online), using each country’s 
profile, Available at: https://www.iea.org/data-and-statistics?country (Accessed: 8 January 2020). 
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supply will be displayed by source, due to the fact that what is considered as “energy 
mix” is the total primary sources of energy, used in order to meet the respective needs 
of an area, combined35. These needs may include, among others, the production of 
power or the providing of fuels for several sectors.    
 
Picture 4: Morocco TPES by source (source: IEA data and statistics website) 
 
 
Picture 5: Senegal TPES by source (source: IEA data and statistics website) 
                                                     
35
 “About the energy mix”, Planete energies website, January 2015 *online+, Available at:  
https://www.planete-energies.com/en/medias/close/about-energy-mix (Accessed: 8 January 2020). 
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Picture 6: Niger TPES by source (source: IEA data and statistics website) 
 
 
Picture 7: Nigeria TPES by source (source: IEA data and statistics website) 
 
  -25- 
 
Picture 8: Egypt TPES by source (source: IEA data and statistics website) 
 
 
Picture 9: Democratic Republic of the Congo TPES by source (source: IEA data and statistics 
website) 
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Picture 10: Kenya TPES by source (source: IEA data and statistics website) 
 
 
Picture 11: South Africa TPES by source (source: IEA data and statistics website) 
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Carbon intensity of the energy mix 
The term of carbon intensity (CI) refers to the amount of carbon dioxide (CO2) that is 
emitted per unit of energy36. When this factor is taken under consideration in relation 
to the energy mix of a country, then it refers to the amount of carbon dioxide emitted 
specifically per unit of energy produced in that country; and it gets expressed by the 
12th indicator that has been presented earlier in this chapter, through the analysis of 
the data provided in the tables above (tables 1.A, 1.B, 2.A, 2.B). More particularly, it is 
presented as CO2/TPES and count - using the weight of the factors included – as tonne 
of CO2 emitted per tonne of oil equivalent produced. 
As a consequence, examining the carbon intensity of the energy mix in the countries 
listed is important in case the objective is to indicate the level at which the energy 
sector of a country - and more specifically, the energy sources used to produce the 
necessary energy within it – contribute or not to the environmental degradation of an 
area, or the prevention of it. As it can be additionally stated, based on the data 
particularly provided in this chapter and after considering the developments in the 
energy sources used within each country, the values of the CO2/TPES indicator increase 
and decrease - from country to country and during the time period examined - 
according to the increase of fossil fuels in the energy mix of each country for that 
period, or the increase of renewable energy sources (including hydro, bio-fuels and 
waste) in it, respectively.    
At this point, it is interesting to have a collective view of the carbon intensity, or using 
a broader term, the carbon footprint, of the several sources used to meet the energy 
needs of people. The following table presents to that cause, the amount of CO2 
emissions released during the life cycle of each of the energy sources indicated, in the 
process of electricity generation, in three different levels. Hence, the results are 
evaluated as tones of CO2 emitted per KWh produced
37.  
                                                     
36
Power Plant CCS website [online], Available at: 
http://www.powerplantccs.com/ref/glos/carbon_intensity.html (Accessed: 8 January 2020). 
37
 WNA Report: Comparison of Lifecycle Greenhouse Gas Emissions of Various Electricity Generation 
Sources, World Nuclear Association, July 2011, p. 6. 
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Table 3: Lifecycle CO2 emissions of various energy sources 
 
As it becomes obvious from the table above, renewable energy sources are presented 
to cause significantly lower amounts of carbon emissions compared to traditionally 
used fossil fuels. This way, RES seem to be playing a crucial role in the efforts taking 
place towards the double target, of not only providing more energy to people, but of 
also preventing the further escalation of climate change. How these targets can be 
achieved by increasing the use of renewable energy sources, will be discussed in the 
following chapter.    
Chapter three: Toward increasing Renewable Energy Sources in Africa 
It has already been examined in details how the African continent is more vulnerable 
and more exposed to the phenomenon of climate change and its impacts compared to 
other parts of the world characterized by higher status of development. Moreover, 
what has also been thoroughly discussed is the number of factors – in the form of 
specific indicators – affecting the status of several African countries, taken as 
representative examples. These indicators, refer to issues not only connected to the 
economic status and the rate of development of these countries, but also to what 
more particularly concerns the production and consumption of energy within them. In 
parallel, the emissions released in each one among the countries under consideration, 
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respectively to both their level of development, and their energy sector, are 
presented.  
Under that prism and following to the facts and data that have already been displayed 
in the previous chapters it becomes obvious that there are important obstacles African 
countries need to overcome in order to move forward with the development of their 
communities and to safeguard the best conditions possible for the quality of life of 
their people. In that sense, in developing countries – and more particularly, for the 
scope of this paper, in African developing ones – two crucial objectives seem to be 
arising to that cause. In the first place, it is clearly demonstrated that protecting the 
environment, addressing climate change and adapting to the current and future 
impacts of it should be a vital priority for the governments of the developing countries. 
At the same time, it is also seemingly vital for these states, to address the issue of 
energy poverty and provide their citizens as a total, with the ability to have access to 
the services necessary in order to meet their energy needs - an ability that even 
though should be provided massively, in these cases seems to consist a privilege for a 
portion of the population.   
In that sense, since the double-sided aim is to address climate change and protect the 
environment while giving to the total population access to the energy services they 
need in order to preserve a good quality of life; it is important that action will be taken 
towards achieving the United Nations’ sustainable development goals and more 
specifically the seventh one among them, which is devoted to affordable and clean 
energy for all. 
RES in achieving clean energy for all 
The seventh of the 17 sustainable development goals established by the United 
Nations, within the framework of The 2030 Agenda for Sustainable Development, in 
2015, focuses on “ensuring access to affordable, reliable, sustainable and modern 
energy for all”. In that spirit, it is important to be noted that access to electricity for 
the world’s poorest parts has met improvements while renewable energy brings 
positive results in the sector of electricity. In particular, the rate of electrification, 
globally, was raised from 83% to 89% during the period 2010-2017, while the 
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percentage of the people, who enjoyed access to clean cooking sources, for the same 
period, rose to 61% from 57%. At the same time, the share of RES in TFC increased to 
over 18% compared to almost 16% that was recorded in 2010 when internationally, 
more and more financial support is being organized to flow to developing countries in 
order to finance investments on clean energy. However, in order to meet the goal of 
clean and affordable energy for all, combined to the rest of the SDGs, more steps 
towards even higher ambitions need to be followed38.  
RES in addressing climate change – The Kaya identity 
In order to clarify - beyond the obvious and developed ideas - the way in which 
increasing the use of renewable energy sources in the energy sector of a country can 
contribute to the measures necessary for addressing climate change and minimizing its 
impacts, it is helpful to use as a tool, a specific equation that includes the above 
indicators in that respect. This equation, known as the Kaya identity, focuses on 
estimating the total amount of CO2 emissions released by people or by specific 
countries. The formula, which was developed and thus named by Yoichi Kaya - an 
engineer working at the University of Tokyo among a team of experts on carbon 
emissions - shows the total CO2 emissions by including in the calculations factors such 
as per capita GDP, product of population, energy intensity (which is expressed by the 
energy used per GDP unit), as well as the carbon intensity of energy (which is 
expressed by the carbon emissions released respectively to the energy consumed)39.  
Hence, the Kaya identity, which consisted the base on which the IPCC developed its 
future emission scenarios for its Special Report, respectively, can be formatted in the 
following way40: 
Carbon dioxide emissions = carbon intensity* energy intensity* GDP per capita* 
population 
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More particularly, when using the indicators already described in details in the 
previous chapter, for the countries under consideration, the image of the equation is 
shaped such as: 
CO2 = CO2/energy* energy/GDP* GDP/population* population  
This format can be simplified and shifted to: 
CO2/population = CO2/energy* energy/GDP* GDP/population 
As an outcome, it can be argued that in order to decrease the amount of emissions 
released per capita, on or several of the rest of the indicators multiplied should also 
decrease. However, GDP per capita is an indicator necessary to keep growing in order 
to preserve high development rate for a country and good quality of life for the 
citizens in it. At the same time, energy per GDP, which expresses the energy intensity 
of an economy, in different words the amount of energy consumed per unit of GDP, is 
similarly an indicator that by being improved it benefits the people and the society of 
the country in which it is examined. Consequently, what clearly needs to be decreased 
in order to make an economy more environmentally friendly is the carbon intensity of 
the energy used in it.  
Within the scope of this concept and because of the fact that renewable energy 
sources (like hydro, solar energy, wind energy and biomass) bare a much lighter 
carbon footprint than the traditional energy sources based on fossil fuels (like oil, coal 
and in a smaller grade, natural gas) – as it has been illustrated by the respective data 
table (Table 3)  in chapter two – it comes out as a logical consequence, that increasing 
the share of renewable energy sources in the total amount of energy produced and 
consumed in a country, will lead to the parallel decrease of the carbon intensity of the 
energy sector in this very country. Hence, enhancing renewables in the energy sector 
of a country can result effectively in deescalating the factor of CO2/energy and affect in 
a significantly positive way the efforts for decreasing the factor of CO2/population, 
without limiting either the amount of energy available to people, or the rate of the per 
capita GDP indicator in the country under consideration.  
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RES potential in expanding access to energy 
Even though there are plenty of important challenges to be faced regarding the energy 
sector in the African continent, there is also important potential. In fact, there is 
significant potential for providing extended access to energy in order to modernize the 
agricultural production and regenerate the industry sector in some places or initiate it 
in others. This way, quite an amount of jobs will arise reducing in parallel the level of 
poverty and the phenomenon of exclusion. Renewable energy holds an important role 
in it, as it is a cost-effective way of providing electrification solutions for the areas of 
Africa that are, due to their geographical characteristics, remote and excluded from 
having access to the national grid41.  
What is vital in that respect is to understand that on-grid conventional systems cannot 
bring results in African countries, mostly because of the topography characterizing 
them combined to low population density and remote rural communities. Taking 
advantage of renewable energy production could be the way to address such 
geographical and demographical challenges. Besides, during the last decade, there was 
a significant decrease in the cost of producing electricity by using renewable energy 
sources compared to the respective cost by using fossil fuels like oil or coal, allowing 
these communities to creatively utilize decentralized energy sources aiming in 
extended access to energy that is both reliable and affordable42.     
Furthermore, even though the continent is abundant to energy resources – with 
renewable ones being certainly included among them – growth on this sector has been 
limited because of weak financing, underdeveloped infrastructures and unstable 
economic and policy environment in most of its countries. Thus, while the means of 
financing and the policy framework necessary for increasing the use of renewable 
energy sources effectively enough, will be further discussed in the process, a 
                                                     
41
 Transforming lives through renewable energy access in Africa - UNDP’s Contributions, UNDP Africa 
Policy Brief, vol. 1, No. 1, , UNDP Regional Bureau for Africa (RBA), May 2018, p. 1-5.  
42
 Transforming lives through renewable energy access in Africa - UNDP’s Contributions, (UNDP Regional 
Bureau for Africa (RBA), 2018), p. 1-5. 
  -33- 
description of the key points and the potential for each of the renewable energy 
sources available will be shortly presented as follows43.    
1. Solar 
It has been estimated that the continent’s solar potential could surpass 660,000 TWh 
of electricity on an annual base, which is quite higher than the respective needs 
expected. More specifically, East Africa is the area presenting the highest potential, 
which is over 2000,000 TWh/year, while Southern Africa is right next at around 
160,000.  Despite this fact, solar PVs in the area have been developed very slowly, with 
just a 4 GW capacity coming from such sources having been added for the period 2010 
– 2018 and the majority of it having been produced in the sub-Saharan area.  
Among the main reasons for the slow development of solar energy infrastructure in 
Africa is the lack of political will and institutional capacity of each government, along 
with the existence of conditions of unfair competition and the high level of costs 
involved that increase the risk of these projects. These facts have led institutions like 
the World Bank to initiate procedures in order to assist local authorities and 
governments to take advantage of private funding for grids connected to solar parks. 
At the same time, concentrated solar power production in Africa has also been 
estimated to present high potential, of a little less than 500,000 TWh annually, with 
East Africa presenting the highest level related and the overall development to be slow 
as well, apart from exceptional case such as Morocco.      
2. Wind 
The potential of wind energy in Africa has been estimated at around 460,000 TWh per 
year. Yet, installed capacity in the recent years was at around 5.5 GW leaving space for 
more developments to take place in the sector. The vast majority of such resources are 
located on coastal or mountainous areas across the continent, while significant 
potential is recorded for Egypt, Sudan, South Africa, Somalia and Algeria. What is 
more, when it comes to offshore wind parks, the countries more suitable are 
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Mozambique, Tanzania, Angola, Madagascar and South Africa as well.  What is 
important to be mentioned here is the fact that wind energy is competitive as a matter 
of cost, compared to other resources, but gets however limited development due to, 
for instance, the small size of the markets domestically and the underdeveloped power 
grids, which makes the volatility of wind energy generation a quite challenging issue to 
be addressed through grid investments.   
3. Hydropower 
Hydropower energy production has played a major role in the energy sector of most 
African countries reaching almost 35 GW of capacity all over the continent. On top of 
that, countries such as Ethiopia, Democratic Republic of the Congo, Zambia, Angola, 
Nigeria, South Africa etc have hydro capacity of at least 2 GW each. Among these, 
significant is the case of Ethiopia where this capacity is estimated at around 4 GW and 
expected to rise to 6 GW when the Grand Ethiopian Renaissance Dam gets completed 
within the next two years. In parallel, the Congo River – the 2nd largest in Africa - in the 
central part of the continent contributes to maximizing hydro resources when the 
demand for electricity in this area is quite limited making the development of large 
scale interconnections critical.  
In specific, the potential estimated in Democratic Republic of the Congo is around 100 
GW which can be translated to almost 780 TWh of annual electricity produced. While 
local plans for further development of Grand Inga Dam have run into obstacles, similar 
initiatives are developing significantly in other areas. Thus, apart from state-owned 
companies that hold a dominant role in hydropower investments, many projects have 
been financed and supported by Chinese investors as well. These have been 
responsible for more than half of such investments among those developed in the Sub-
Saharan region within the period 2010-2015.  
Additionally, small-scale and mini hydro power projects are capable of safeguarding 
electrification of rural areas in the various regions of the continent, with estimated 
potential capacity of almost 22,000 MW for small-scale hydro and almost 3,500 MW 
for mini-hydropower.   
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4. Geothermal 
Geothermal as energy resources are available all over the African continent with the 
highest density being spotted in the East Africa region, presenting potential of 15 GW. 
It is true that several countries are taking advantage of this potential capacity, such as 
Kenya, where hydro capacity reaches the level of around 700 MW. In parallel, other 
countries are in the beginning of this process, such as Ethiopia, where new 
developments aim in more than 7MW capacity and others like Uganda or Tanzania, 
where the respective target is at around 1 GW. Even though extended geothermal 
power generation in Africa comes across important issues, there are both financial and 
technical support mechanisms available to contribute in developing master plans and 
promoting private funding.   
5. Bio-energy 
 Bio-energy, which holds the dominant position in the energy mix of African countries, 
covers a wide range of energy needs in the continent. More specifically, most of the 
demand on bio-energy is developed by households and concerns traditional methods 
of burning solid biomass, while part of it, along with biogas, are necessary for heat and 
power generation. Moreover, it is estimated that bio-energy has an electricity capacity 
of almost 800MW in the areas of South and East Africa. Despite these, large-scale 
respective projects have quite a few challenges to deal with since the cost of 
generating power by using bio-energy surpasses in many occasions the cost of using 
gas or hydro.  
At the same time, bio-gas consist an effective alternative to firewood as traditional 
biomass used for cooking, mostly in rural parts of Africa, while it is also used, in the 
form of bio-slurry, in order to increase the results of agricultural activity. 
Consequently, despite the arising difficulties, biogas holds an important position in 
reducing premature deaths caused by indoor air pollution, as well as in improving the 
quality of life for the people especially living in remote rural places. In addition, bio-
fuels also contribute in cleaner transportation, since they bare the potential of 
producing more than 100 Mt on an annual base, of residues coming from the 
agricultural sector and converted into whether electricity or modern bio-fuels.          
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Support framework for Renewable Energy Sources 
Increasing renewable energy sources penetration in the energy mix of developing 
African countries seems to be of crucial necessity if the goal in these countries is to 
expand access to energy for the locals, without compromising the environmental 
protection. However, factors such as political instability or poor financial and policy 
planning can enhance potential investors’ reluctance to engage in the energy sector of 
these countries. Thus, in order to surpass such difficulties, more and more countries 
adopt modern policies and set ambitious strategies which focus on supporting the 
expansion of renewable energy not only domestically but also across the continent.   
Policy framework and finance for expanding RES 
To begin with, it is important to take note of the fact that in order for such a universal 
issue to be addressed, major efforts have happened under the co-operation of 
numerous international institutions. In that spirit, the involvement of IRENA in the 
sector of RES in Africa has played a key role in developing related initiatives, among 
the most significant of which, the establishment of Clean Energy Corridors, between 
2014 and 2017, aims to support the continent to meet its fast-paced electricity needs 
by taking advantage of the area’s wide renewable energy potentials44.   
Moreover, in the frame of UN’s Sustainable Energy for All program (SE4ALL), plenty of 
multilateral donors have contributed in promoting RES policies and protecting the 
environment.  These donors are often appeared as Institutions, non-governmental 
organizations (NGOs) or even private charities that offer both financial and technical 
support to developing renewable energy projects, whether small or large scale. Such 
donors are not regionally restricted since most co-operation activities happen on 
international level. Consequently, the main ones among them are the African 
Development Bank (ADB), the European Union (EU), the World Bank, and as far as 
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specifically the environment is concerned, the Green Climate Fund (GCF) and the 
Global Environment Facility (GEF)45.  
Also, on a bilateral level, important role have played the Agence Francaise de 
Development (AFD), the German Development Bank, the Japanese International 
Cooperation Agency (JICA), the Swedish International Development Cooperation 
Agency and a  few more. Additionally, under the prism of cooperation regarding 
energy policies, internationally and between the European Union and Africa (Africa-EU 
Energy Partnership – AEEP) crucial initiatives, apart from those already mentioned, 
have been developed such as African Renewable Energy Initiative (AREI), International 
Solar Alliance (ISA), Program for Infrastructure Development in Africa (PIDA), as well as 
World Bank Energy Sector Management Assistance Program (ESMAP) and Power 
Africa46.  
In parallel to the steps taken under international co-operation, African countries had 
to adopt renewable energy – friendly policies in order to attract investments on this 
sector. As a result, many African countries adopted mechanisms such as feed-in-tariffs 
(FiT), auctions, tax reduction or reductions on value-added tax (VAT) and the providing 
of grants, loans or subsidies. At the same time, the idea of net metering was promoted 
in order to increase the participation of locals in the production of energy from 
renewable sources, under the notion of prosuming (producing and consuming energy 
combined). South Africa and Algeria were among the first to implement FiT, while 
South Africa along with Morocco and Egypt also implemented the process of auctions. 
In addition, Kenya and Tanzania offered tax reductions for RES investments, while 
important financial support was provided by programs focused on heating and cooling 
facilities47.  
The following illustration provides a detailed list of the policies mentioned above and 
the countries in which each of them got implemented:    
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Picture 12: Support policies used in African countries (source: Africa 2030: Roadmap 
for a renewable energy future, IRENA, 2015) 
 As making steps towards creating an environment friendlier to RE investments, African 
countries were found in the need of shaping specific regulatory framework that would 
safeguard the stability of this environment. To do this successfully, governments of the 
countries had to establish regulatory authorities entitled with the duties necessary to 
control and supervise the activities in the energy sector. The objective, if considered 
nationally, was to provide long-term sustainability to such activities along with the 
security necessary for independent private producers (IPPs) to make them invest in it. 
Moreover, after establishing such regulatory authorities, which would have to be 
operational, financial and organizational independent, two levels of co-operations had 
to be implemented – on regional and continental level - in order to for a harmonized 
regulatory framework across the electricity market of Africa to be shaped and bring 
broader positive impact in the energy sector of it. The initiative were developed by the 
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African Union and the European Union, in 2016, within international co-operation of 
institutions interested in the energy and electricity market of Africa, and has been 
monitored by them, on a regular basis since then48.     
In general, policies supporting RES seem to be more effective in the northern and the 
southern parts of the continent, even though the rest of them are also characterized 
by huge potential. Besides, potential alone is far from enough in matters of successful 
policies, since major risks may arise in countries characterized also by lack of political 
stability. Long-term and coherent strategies are necessary to achieve development of 
RES and surpass all the risks preventing investors from moving forward. Lack of 
political will and week regulatory framework boost investment insecurity and the 
means in order to de-risk investments on renewables lie on regulating corruption, 
enhancing the power of laws, mitigating currency risks and establishing support 
regimes49.  
This way, investors’ trust will be built on stable ground, knowing that they are 
operating in a transparent and politically predictable environment that is governed by 
a coherent set of grid codes, laws, as well as policies protecting IPPs. What can 
additionally be proved as helpful to financing the energy access is the massive 
penetration of technology that is being recorder in African countries. In particular, the 
fact that the vast majority of adults have access to mobile telephone technologies 
seems to be transforming the opportunities available in the energy industry of Africa. 
That is due to the fact that massive availability of Fin Tech and telecommunication 
infrastructure can make several aspects of locals’ lives easier - since for instance, 
mobile payments can facilitate participation in decentralized energy or micro-grids 
solutions - and end up reducing important costs50.   
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Success stories of RE policies in Africa  
While the aforementioned policies got adopted by several African countries across the 
continent, some cases proved to be more successful than others. To begin with, 
Morocco is one among the distinguished cases where renewable energy and 
environmental targets keep getting more and more ambitious. Thus, Morocco first 
established its National Energy Strategy back in 2009 setting the road towards a low-
carbon economy through five key pillars: 1. Diversify the country’s energy mix; 2. 
Maximize the use of domestically available resources; 3. Put energy efficiency policies 
as a priority; 4. Enhance co-operation with European and African partners; 5. Develop 
local industries using green technology51.  Having these as the starting point, and while 
keep updating its strategies, Morocco participated in many international initiatives for 
promoting sustainable development and protecting the environment, when at the 
same time transformed its objectives regarding renewables into more ambitious.  
In particular, by 2030 Morocco should have more than 50% of installed capacity being 
produced from RES and its energy efficiency objective also moved to 25% by 203052.  In 
line with this target, Morocco has two important RE projects; the Noor Plan which is 
based on solar energy and the Integrated Wind Energy which is based on wind energy 
and include solar and wind parks located all over the country. In parallel, its 
government has established a law particularly on Renewable Energy (No 13/09) that 
protects investors and promotes RES. Besides, the country’s potential on solar and 
wind is enough to make it energy-independent. In fact, the country has important 
investments on CSP which even if it is not as competitive as conventional energy 
sources, did not face any serious impacts from the PV’s price reduction. As far as wind 
energy is concerned in the country, an investment of almost 3 billion Euros has been 
developed, estimated to result in 2,000 MW installed capacity by 2020. A number that 
is quite higher than the respective amount of 280 MW in 201053.  
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In parallel to Morocco, Kenya is one more characteristic case. Geothermal and hydro 
power shape more than half of Kenya’s energy mix, making the majority of it being 
relied on renewables, while recently two new and significant facilities were added in 
this share, one wind farm and one solar park, both of which have high capacity, 
respectively. More specifically, Kenya’s new wind farm in Lake Turkana, which is of 
680.000.000$ worth, consists of 365 wind turbines and has total installed capacity of 
310 MW, is connected to the national grid through a power line of 428 km and is 
estimated to increase the country’s power generation capacity by 17%54.  
Moreover, among the steps that have been followed in Kenya, over the last years in 
order to increase RES penetration, were major reforms in the legal and strategy 
framework within the country. More particularly, the local Power and Lighting 
Company released a campaign financed partially by the African Development Bank, in 
order to examine how to safeguard access to electricity for more than 300 thousands 
households. The campaign following three – in total - phases, reached quite more 
people than it was initially expected, leading access to energy from 20% in 2012 to 
more than 50% in 2018. At the same time, many of Kenya’s energy sector investments 
are expected to be financed by local climate financing, especially since the country is 
part of the Scaling up Renewable Energy in Law-Income Countries Program (SREP)55.  
What is more, the country’s government sets as a target of its policy to successfully 
have ensured universal access to electricity before 2022 and among the most useful 
means in achieve such a goal is enhancing plans on mini-grids and off-grid solar as well. 
Thus, within the energy policy of the country and towards serving this cause, the 
regulatory framework in Kenya has been recently transformed. In particular, in 2019, 
under the provisions of the newly established Energy Act, the EPRA (Energy and 
Petroleum Regulatory Authority) took over in order to supervise and regulate the 
sector, along with the Ministry of Energy. In addition, more bodies were set up under 
the Act in order to promote renewable energy technologies in the electrification 
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process of remote parts of the country, mainly through procedures of extending the 
grid56.  
All in all, the Energy Act proved to be the tool for introducing the necessary regulations 
on issues such as licensing and developing the power generation off-grid, as well as 
important concepts and policy measures such as net metering, FiTs and removing VAT, 
also in order to promote renewables. Finally, the implementation of KOSAP (Kenya off-
grid solar access programme), which received funding from the World Bank, aimed in 
boosting private investors’ participation in the sector. To do that, the program was 
based on specific pillars such as the use of mini-grids for meeting the needs of the 
community in total, the use of sole solar systems for meeting some of the daily needs 
of households, as well as the successful implementation of capacity building 
mechanisms57.      
Conclusions 
In accordance to what has been examined through the previous chapters, it firstly 
becomes clear enough that climate change is a massive and fast growing problem, 
which impacts the life of people on a global level. However, what is also displayed in 
parallel is the fact that such impacts do not affect the total population equally, but 
have rather more disastrous consequences for those living in developing countries. 
The lack of appropriate infrastructure, of knowledge, funding, political will and stability 
are only some of the factors putting these countries in a disadvantaged position when 
it comes to addressing climate change or adapting to its impacts.  
As an outcome, it seems to be more significant than ever, for these parts of the world, 
to keep an ambitious course toward development, on condition that it will be within 
the notion of sustainability. Enhancing sustainable development and transforming the 
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current policies in compliance with international ambitious targets, such as the UN 
Sustainable Development Goals, are key steps to follow in order, for the disadvantaged 
countries to keep growing without compromising either the environment or the right 
of future generations to grow as well. In this sense, regional and international co-
operation is vital, as it had been declared back in 1972 by the 24th Principle of 
Stockholm Declaration, as well as by the 7th Principle of Rio Declaration, in 199258.   
In that sense, the EU can play an important role as a partner of African countries and 
institutions, especially since it has recently adopted significantly broad framework for 
environmental protection59. This way, the EU could effectively lead the way toward a 
cleaner environment by expanding its ambitions and part of its know-how in a much 
wider level, beyond its borders.  
Furthermore, through analysing crucial indicators regarding the rate of development 
and the energy sector of specific African countries, a broad overview of the differences 
between these countries is given. These differences lie on presenting the development 
of financial factors, such as GDP, and expand to showing what affects both the 
production and consumption of energy in these countries. Additionally, the important 
variations regarding the carbon intensity of both the energy sector and the economy of 
these countries are displayed, aiming on drawing attention on the fact that the level of 
growth, the status of the energy sector and the emissions of GHGs due to these two, 
are inevitably connected. In parallel, the distressing issue of energy poverty is pointed 
out and examined in regard with the variations prevailing among the indicators of the 
countries under consideration.   
Finally, it is extensively presented that the development of renewable energy sources 
in the energy sector of the countries facing the most severe aspects of climate change, 
consists one of the main ways to address the issue, by facing at the same time the 
problem of limited access to energy and support the overall development of these 
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countries. Regarding this fact, it is being further displayed how promoting RES can 
happen in the most effective ways in terms of both economy and policy. At the same 
time, several examples are set in exposing the cases in which the success of such 
policies led the way into an even more ambitious future.    
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IPCC – Intergovernmental Panel on Climate Change 
IPPs – Independent Private Producers 
IRENA – International Renewable Energy Agency 
ISA – International Solar Alliance 
JICA – Japanese International Cooperation Agency 
KOSAP – Kenya Off-grid Solar Access Programme 
NASA – National Aeronautics and Space Administration 
NGOs – Non-governmental organizations 
PIDA – Program for Infrastructure Development in Africa 
PV – Photovoltaic 
RES – Renewable Energy Sources 
SE4ALL – Sustainable Energy for All 
SDGs – Sustainable Development Goals 
SREP – Scaling up Renewable Energy in low income countries Program 
TFC – Total Final Consumption 
TPES – Total Primary Energy Supply 
UNFCCC – United Nations Framework Convention on Climate Change 
VAT – Value-added tax 
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